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Introduction
HIV prevalence among pregnant women attending antenatal clinics (ANCs) remains the principal data source of infection trends in sub-Saharan Africa (Ghys P D et al., 2006 , Kwesigabo G et al., 2000 . This type of surveillance has been revised to meet changing needs yet maintaining the original objective (WHO/UNAIDS, 2003) . Despite this usefulness, ANC-based HIV prevalence estimates should be interpreted with caution due to multiple potential inherent selection biases (Mills Stephen et al., 2005) . Methods of adjustment on some of the factors have improved the estimation (Boisson E et al., 1996 , Fabiani M et al., 2003 , Zaba B W et al., 2000 , Fabiani M et al., 2006 . Despite these drawbacks regarding point estimates, it has often been argued that ANC sentinel surveillance data collected over time will reasonably well capture infection trends of men and women in the general population (Kwesigabo G et al., 2000) . The basis for this argument assumes that the inherent biases remain constant over time, hence are assumed not to influence patterns drastically (Mills Stephen et al., 2005) . In the 1990s, very few communities had serial data to check this hypothesis and most validations of ANC-based HIV prevalence used single time-points or relatively short periods of time raising validity and accuracy concerns on the reliability of such extrapolations (Fylkesnes K et al., 2001 , Ghys P D et al., 2006 .
In Zambia, the HIV epidemic has been monitored using both ANC-based and populationbased data. The ANC-based surveillance system was established with few sites in 1990, and in 1994 a total of 27 sites were selected representing both rural and urban populations in all the provinces (Fylkesnes K et al., 1998b , Fylkesnes K et al., 2001 . Since then, two other rounds of surveillance have been conducted in 1998 and 2002 (Sandøy Ingvild F et al., 2006 . In one of the surveillance sites in Lusaka urban, serial cross-sectional surveys on HIV prevalence and risk factors were also conducted in 1995, 1999 and 2003 among randomly selected men and women (Fylkesnes K et al., 2001 , Michelo C et al., 2006 . Presently, this is the only site that has both ANC-based and population-based HIV prevalence estimates from the same population consistently.
We investigated how well antenatal-based HIV prevalence estimates capture trends in this general population between 1994 and 2003.
Methods
Antenatal based surveillance design
The data stem from serial antenatal-based HIV surveys conducted in Chelstone in 1994 Chelstone in (n=450), 1998 Chelstone in (n=810) and 2002 . The first epidemiological HIV sentinel surveillance among ANC attendees in Chelstone was conducted in 1990 as a pilot followed by another in 1993. However, the sample sizes in these surveys were very low. In 1994, the core antenatal based HIV surveillance for the whole country was established, repeated in 1998 and in 2002. The detailed methods and major findings of the earlier national surveys have been reported elsewhere (Fylkesnes K et al., 1998b , Fylkesnes K et al., 2001 , Sandøy Ingvild F et al., 2006 . Pregnant women who were attending the antenatal clinic for the first time in the pregnancy were enrolled consecutively. Data was collected within a maximum of 4 months. The target number for Chelstone was 800 participants. Serum from blood samples drawn for syphilis screening was tested unlinked and anonymously using Capillus HIV-1/HIV-2 rapid test (Cambridge Biotechnology, Galway, Ireland) at the ANC clinics.
Randomly selected negative samples (5% in 1994 and 1998, 10% in 2002) and all positive samples were re-tested at the national laboratory using Wellcozyme HIV Recombinant HIV-1 (Murex, Johannesburg, South Africa). A third test, Bionor HIV-1 & 2 (Bionor As, Skien, Norway), was employed on the samples with discordant results of tests one and two, and this third result was considered final.
Population based surveillance design
The first population-based HIV survey in Zambia was conducted in 1995 in Chelstone and Kapiri Mposhi and two follow-up surveys were later conducted. The detailed methods and major findings of these populations based studies have been reported elsewhere (Michelo C et al., 2006 , Fylkesnes K et al., 1998b , Fylkesnes K, Musonda, R. M., Kasumba, K., Ndhlovu, Z., Mluanda, F., Kaetano, L., Chipaila, C. C., 1997 , Fylkesnes K et al., 2001 . The data we used stem from the surveys conducted in Chelstone in 1995 (n=2115), 1999 (n=1986) and 2003 (n=2589) using random-cluster sampling method. The Zambian census population mapping system was used to establish the sampling frame, which consisted of 24 Standard Enumeration areas (SEAs) with 2786 households. Using "probability proportional to size", 10 SEAs were selected for this study. In the sampled clusters, a personal structured interview was carried out with all eligible household members aged ≥15 years in order to collect information on education, socio-demographic characteristics and risk behaviours.
The second part of the interview involved HIV testing using saliva. In 1995, all saliva samples were tested using Gacelisa HIV 1 & 2 (Welcome Diagnostics, Dartford, Kent, U.K.) and initially 450 randomly selected samples were tested using Bionor HIV-1 & 2 (Bionor AS, Skien, Norway) magnetic particle assay following modifications for saliva.
Agreement between the two test kits was 99.8% (Fylkesnes K et al., 1998a) . In the 1999 and 2003 follow-up surveys, samples were tested using Bionor HIV 1& 2.
Validation strategy and statistical Analyses
The ANC surveillance was conducted from August to November of 1994 November of , 1998 November of and 2002 Each population survey was conducted within a year of carrying out the antenatal surveillance, that is, from October to December in 1995, October 1998 to May 1999 and from February to May in 2003. For comparability purposes, these years have been denoted as period 1, 2 and 3 to represent 1994, 1998 and 2002 for the ANC-based reports, whereas it is 1995, 1999 and 2003 in the population data, respectively. The health post where the antenatal clinic services are provided serves the same catchment area from which the sample for the population survey was drawn. Data from the 1990 pilot and 1993 survey were excluded in the analyses due to lack of appropriate population data for validation at the time.
Analyses (stratified by age and sex) were performed using Intercooled Stata version 8 (Texas, USA). The Mantel-Haenszel chi square test (1 degree of freedom and with continuity correction) was used to test the linear trend of HIV prevalence patterns over the periods. In order to check the effect of age structure, the estimates were standardised using the 2000 census urban female reference population. The ANC-based estimates were then compared with the population-based estimates for similarity.
Ethics
The National AIDS Research Committee approved the protocol for the ANC based surveillance system in 1990 and all HIV testing was done unlinked and anonymously as part of routine standard antenatal care in Zambia (Fylkesnes K et al., 1998c) . The testing algorithm complied with the WHO/UNAIDS guidelines for conducting such surveys. The population based survey protocols received clearance from the National AIDS Research Council and the University of Zambia Research Ethics Committee. The ethical details for both data sources are reported already elsewhere (Sandøy Ingvild F et al., 2006 , Michelo C et al., 2006 .
Results
Description
In the population-based survey, 60% of the respondents were females and 40% were males.
The overall mean age was 26.2 years. The mean age among ANC attendees was 24.1 years.
Furthermore, ANC attendees had significantly lower educational level (P<0.001) than the respondents in the population-based survey, (mean school years: 7.2 vs. 8.6 in period 1, 7.2 vs. 9.2 in period 2 and 7.6 vs. 10.1 in period 3). In the population-based surveys the overall response rate in the was 89% and antenatal attendance at the public health facility during the last pregnancy was 97%, 98% and 93% in 1995, 1999 and 2003 respectively. In the general population, we further observed that the prevalence declines were largely seen in age group 15-29 years, whereas among the ANC attendees, prevalence only significantly declined in the group aged 15-19 years. Furthermore, although ANC-based age-specific point estimates matched population based estimates of young women aged 15-24 in time 1 (25% vs. 22.5%) and time 2 (22.8% vs. 18 .3%), the ANC-based point estimate was significantly higher than population-based estimate in time 3, (19.9%, vs.12.5%, 95%CI 9.2-15.8). When considering men and women together however, ANCbased estimates still significantly over-estimated population prevalence in the groups aged 15-24 years throughout the survey rounds; time 1 (25%, ), time 2 (22.8%, ).
Age-specific HIV infection trends
HIV and educational attainment
In general, population-based estimates showed a universal shift towards declining prevalence of HIV infection in groups with higher education over the period, as illustrated in Table 2 . Among higher educated young men and women aged 15-24 years, prevalence declined from 16.1%, 11.7% to 5.3% (P<0.001). In the same age group, prevalence declined from 20.7%, 16.1% to 8.5% (P<0.001) among women only with higher education. Similarly, in higher educated groups of men and women aged 25-49 years, prevalence declined from 43.2% to 26.4% (P<0.001) and from 45.6% to 29.0% (P<0.001) in women only. Overall (men and women), prevalence declined from 32.0% to 14.8% (P<0.001) and from 34.1% to 17.5% (P<0.001) in women only. In sharp contrast, among ANC attendees, prevalence remained stable over the study in all age groups and irrespective of educational attainment.
The overall educational level of ANC attendees did not significantly change over the period (mean school years: 7.2, 7.2 and 7.6, P=0.219). Among young women aged 15-24 years, the pooled proportion of pregnant women with up to 7 years of school remained over 60% whereas those with >=11 school years was <15% in all the surveys. The distribution was the same even in age group 15-19 years.
Population based sexual debut and ever given birth by educational attainment
In the general population of women aged 15-24 years, the mean of years in school increased from 8.64 ) in 1995, 9.21(95%CI 9.04-9.38) in 1999 to 10.1(95%CI 9.95-10.26) in 2003. In this group, increase in age at first sex was associated with higher educational attainment. In 2003, the mean age for sexual debut among women aged 15-29 years and with more than 11 years of school was 19.0 compared to in groups with 0-7 years of school. Following a similar pattern, higher educated young people showed significant postponement in ages at first birth. Consequently, among women with more than 11 school years, the proportion ever given birth in age group 15-24 years decreased from 33.1%, 22.2% to 19.2% (p=0.002) whereas the decline was marginal in groups with 0-7 school years (figure 1). In age group 15-19, the proportion of women ever given birth declined by 57% (16.8%, 9.4% to 7.9%; OR 0.43 95%CI 0.26-0.68) and from 65.5%, 47.5% to 41.7% (p<0.000) in age group 20-24 years, see table 4. Figure 2 illustrates further the general decline in age at first birth among women under 30 years of age in the general population.
Discussion
We found diminishing representativeness of ANC-based data in capturing HIV prevalence and trends in the general population. Firstly, that the overall ANC-based HIV prevalence estimates remained stable, contrasting the population-based pattern where prevalence declined in both women and men. Secondly, both sources of data showed HIV declines in age-group 15-24 years, but declines were substantially steeper in population-based data (by 49%) compared with ANC-based data (by 20%). These findings seemed to be partially explained by a combination of marked differentials in prevalence change by educational attainment as well as marked changes in fertility related behaviours such as the postponement of first birth among young women. This postponement was associated with educational attainment, and we have already reported substantial HIV declines among higher educated groups in this population (Michelo C et al., 2006) . The findings are challenging HIV surveillance systems, and generalising to other areas in Zambia and countries in sub-Saharan Africa merits further study. A similar pattern of change in ANCbased HIV prevalence reported here has been observed in the majority of surveillance sites in Zambia, and the most likely scenario is that similar change mechanisms were seen in many of these populations (Sandøy Ingvild F et al., 2006) . The parallel declines observed from both antenatal-and population-based data in Kagera during the 1990s may have been a signal of continuing declines in the general population as the epidemic matured (Kwesigabo G et al., 2000, Kwesigabo G , Killewo, J., Godoy, C., Urassa, W., Mbena, E., Mhalu, F., Biberfeld, G., Wall, S., Sandstrom, A., 1998 , Asiimwe-Okiror G et al., 1997 , Kwesigabo G et al., 2005 . At this stage of the epidemic, dynamics among antenatal attendees differ with the general population, hence using ANC-based estimates alone could even lead to a possibility of serious underestimation of what could be intervention-linked impacts.
The basis for our assessment of how well ANC-based data capture HIV trends in the general population was data from a population-based survey conducted in the area covered by the antenatal clinic. There is a potential of non-response to have biased the results. Among ANC attendees, non-response can be estimated largely by ANC coverage, and coverage was been stable and above 90% in all the surveys (estimated to be 98% in Lusaka)(Central Statistical Office (Zambia) C B o H Z, and ORC Macro). In the population-based study, the most significant cause of non-participation was absence of men. Refusal to give saliva for HIV testing was low in all the three surveys. In view of this, non-response bias seems not likely to have been an important factor affecting the results. In addition, fertility linked factors which could be the other possible sources of selection bias were critical explanatory factors in this study. Furthermore, we also exclude laboratory associated differentials in test result to have been a factor (Fylkesnes K et al., 1998a , Fylkesnes K et al., 1998b .
There is convincing evidence that HIV transmission among adults in sub-Saharan Africa is predominantly heterosexual (Schmid G P et al., 2004) . Secondly, women tend to underreport socially undesirable sexual behaviours including early age of sexual debut (Upchurch D M et al., 2002 , Central Statistical Office, Zambia et al., 2002 . However, elsewhere we have argued that "it is reasonable to believe that asking a woman whether she has a ever given birth will give more reliable answers than whether she has ever had sex, as childbearing is associated with high respect in this society and is difficult to keep secret" unpublished) . Therefore the reduction in the proportion ever given birth and parallel postponement of age at first birth among higher educated young people in the general population reported here, suggests a convincing behaviour change. Postponement of childbearing might be due to a combination of abstinence, consistent use of condoms as well as utilisation of other contraceptives, all of which have increased during the period (Central Statistical Office, Zambia et al., 2002 . These factors were of critical importance in explaining the reduced odds of HIV infection among higher educated groups in the general population of young females (Fylkesnes K et al., 1998b , Michelo C et al., 2006 .
In sharp contrast however, the picture is dissimilar among ANC attendees. Firstly, we observed that the over-estimation of HIV prevalence seen in ANC data from age-group 15-19 years might be related to the fact that this group engaged in unprotected sex thereby increasing the likelihood of infection more than counterparts in the general population of which some are not sexually active (Fylkesnes K et al., 1998b , Gray R H et al., 1998 , Konde-Lule J K et al., 1997 , Pettifor A E et al., 2004 . Secondly, the higher prevalence in age group 20-24 years also suggests that there is a steady increase in the number of newly infected women arising from younger age groups. Since male HIV prevalence in parallel ages in the general population is generally low, these young women most probably were involved in cross-generation relationships and had unprotected sex with infected older men (Gregson S et al., 2002) . This could be the major reason why young antenatal women have a higher likelihood HIV infection. (Gregson S et al., 2002 , Strickler H et al., 1995 , Mills Stephen et al., 2005 , Fabiani M et al., 2003 , Fylkesnes K et al., 1998b We also noted that the observed parallel HIV declines associated with education in the general population was absent among ANC attendees. Higher educated young women in the general population were postponing pregnancy and the postponement was substantial in a relatively short period of time. This is likely to be due to a combination of an on-going process of fertility change and as a preventive strategy against HIV transmission. In contrast young ANC women may have ignored messages about abstinence and protection against HIV infection.
This differentiating feature between ANC attendees and young women in the general population merits further study and monitoring, especially that the population distribution continues to be highly dynamic.
Therefore, the interpretation of ANC-based HIV prevalence estimates and its extrapolation to the general population, remains a difficult task (Mills Stephen et al., 2005 , Strickler H et al., 1995 . This is largely because in general, ANC generated prevalence is also vulnerable to several time dependent sources of bias such as usage and coverage of ANC services, migration, deaths, convenience sampling of sites, population distribution by age, differential distribution by social classes, contraceptive use, and fertility differences with HIV negative women including behavioural differences, making generalizability limited (Mills Stephen et al., 2005) . In earlier studies, adjusting for fertility risk using data from a reference general population has been shown to improve estimates from ANC attendees (Fabiani M et al., 2003) .
In summary, these results have some important implications for the interpretation of ANCbased HIV estimates. They underscore the importance of population-based surveys, and particularly surveys conducted in selected communities in order to improve the interpretation of HIV trends captured by ANC attendees. These surveys should measure biological, behavioural and socio-demographic information concomitantly so as to generate critical knowledge for improving our understanding of dynamics of population responses.
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The counsellor will be able to inform and guide you about how to get support and care if this should be needed
We have learned from similar surveys that some will like to see the counsellor at home, other prefer to go to the VCT centre at the local clinic. Therefor, you should feel free to decide yourself where to receive these services. Just indicate your preferences to the person who gives this letter to you -and he or she will guide you further.
Any services offered you by the counsellors will be free of charge.
Please present this letter to your counsellor if deciding to use the VCT centre at Chelston clinic. The information you give will be kept between you and the interviewer. Indeed, everything will be arranged in such a way that your answers are not to be known by anyone else, just for the purpose of research. The information you provide will be put together with the information coming from the other 6000 being invited to answer the same questions. Researchers will then analyse this information in order to learn more about how to reduce the spread of HIV and other infectious diseases.
After the interview you will be asked if you will provide a specimen of your saliva.
This will take only about 2 minutes. Your saliva can be used for testing for HIV, but the test result will be anonymous and thus only for research purposes. However, if you will like to know your HIV-status, you will be given the opportunity to see one of the well trained counsellors who are part of our team. Any personal matter can be discussed with the counsellor. Also, if you decide to go for voluntary HIV counselling and testing (VCT), the same counsellor will also take care of that and also inform and guide you about how to receive support and care if this should be needed. Whatever information is shared this will be strictly between you and the counsellor. You will not be charged anything from us.
